Background
Patients with aortic dilation often present an eccentric transvalvular flow jet. The angle of the flow jet from the aorta centerline, or the flow jet angle (FJA), has been reported as a risk factor in bicuspid aortic valve patients [1] . In recent studies we introduced a the jet shear layer detection (JSLD) method for the automated characterization of transvalvular flow structure across the aortic valve [2, 3] . The objective of this study was to evaluate FJA in patients with aortic dilation using the 3D JSLD structure obtained from 4D flow MRI.
Methods
This study included 40 patients with aortic dilation and aortic tricuspid valves participants (age = 58 ± 16 years, female = 11, aortic stenosis = 10). Mid-ascending aorta (MAA) diameter and transvalvular peak velocity (Vpeak) were used to assess aortic dilation, aortic stenosis severity (AS, Vpeak>2 m/s), and classify patients into four groups: Group 1 (MAA<35 mm); Group 2 (35 mm<MAA<45 mm); Group 3 (MAA>35 mm); Group 4 (MAA>35 mm and AS). 4D flow MRI was performed at 1.5T and 3T systems with full thoracic aorta volume coverage in a sagittal oblique slab (spatial resolution = 2.5 × 2.1 × 3.2 mm 3; temporal resolution = 40-50 ms). 4D flow data were used to compute a PC-MRA image and aorta volume segmentation was performed using Mimics (Materialise, Leuven, Belgium). The isolated aorta segmentation was used to automatically compute the vessel centerline, to mask 4D flow data, and compute 3D JSLD structure using Matlab (Natick, MA, USA). FJA workflow is summarized on Figure 1 .
Results
Patient characteristics and measurements are presented in Table 1 . A significant difference between groups was observed for age (p < 0.05), Vpeak (p < 0.001) and FJA (p < 0.001) using an ANOVA test. Group 2-4 were older than Group 1. Group 4 presented higher Vpeak in comparison with Group 1-3 due to AS. When comparing FJA for defined group's population, significant differences were found between Group 2-4 vs. Group 1 (p < 0.05) and Group 4 vs. Group 2 (p < 0.05), see Figure 1D . Higher FJA was found in Group 3 and Group 4. Interestingly, the Pearson's correlation coefficient between Vpeak and FJA was r = 0.54, p < 0.01, and between ejection fraction and FJA was r = 0.38, p < 0.05.
Conclusions
The assessment of FJA can be automated using the volumetric information of 3D JSLD structure which relates the 3D JSLD structure to the aorta centerline, as obtained from 4D flow data. FJA was significantly higher in patients with severe aortic dilation and concomitant AS. Future longitudinal studies are needed to evaluate the impact of FJA in aortic dilation severity and altered flow patterns. 
